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Formal modeling and analysis approach of wireless sensor network
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Abstract: Petri net, as a formal tool used in the research of clustering and node coverage of wireless sensor network, can
help to describe the wireless sensor network formally and establish the corresponding formal model quickly. As the Petri net
has solid mathematical theory, it can better research the energy constraint problem of wireless sensor network in the process of

node clustering and covering. The formal model can provide the theoretical and numerical basis for the design of a better

clustering and covering structure, and then help to promote the existing algorithm.

Key words: Petri net; Wireless Sensor Network (WSN) ; clustering; node coverage

0 3%

TeRAL AR P 45 2 R B BB S AT B T B AR 4R
BRI RUEN B AR M, BB RTINS A
EMSERMT . BR A BESISY, Hnih A
= B FEAPR T, AR R A RIS AR 5T R
AW B E R RS MR AT R, G E R
TR ER IR W AR, WECASMETHHRLER
HEEHRISE R, 1 GAF™ \LEACH®' TopDisc™ 48 {HR &
IR AR A R P 1y RUE s BB P A Rl , Rl
PLEEA DB T BT B R A W R R
BED ST A BB S A SRR R AX TR
BEAET T XTF AR RIE, AIE AR S HAl A oLk 1L B
#e P E Y, B DA AR OIS AL R R A X P A
B GIREMEE A W I ER R AT LR AT, B
TR E BB, AME T TR AL B M%7 I R
o

YE R BTG RACBIAR B — R, Petri B H 4 & B hy—
EETHRFLH FERH M BRI R AR ER E
fEBer TR AXFEMECHE R LLRE R M gL 0E
BEREM E LS FE RN TREZN WA B, B
AT LB Petri B ( Generalized Stochastic Petri Net, GSPN) 3¢
Yo TLLR A% R W45 1 “ TR A" S A AT 2R, R FF P 4% B A5
R A R B TE LR AG R W AR TE S FE Y RUE 3
TERHE—EEE,

s B HE:2010 —01 - 18 ;& [E H #7:2010 - 03 - 09,

1 BT Petri iy XL

1.1 J~XBE# Perri FAYE X

—AN X BB Petri W GSPN = (S, T; F, W, My, A),
Her,

1)(S, T; F) &2—4 Petri M ,S WL REN B (Place) ,T
KITGE RZEIL (Transition) , FZILER IR, H o i ALk
3K, AR F AL B B AT I

2) WA R IRAL BB 5

3) M, RFEE B EARIR;

4) BEFETRGAWNTFE: T=T, VT, I,NT =
@,Eﬂl‘ﬂﬁﬁ% T, = {tu Ly, =, tk} %uﬂﬁﬁﬂ‘ﬁi{% T, =

Uohars Bras s Bo b
5) SefAASEEMER KA TR T LERERES A =
% )‘ls /\25 Ty )‘k};

6) ZE— AR M T N B AT S i it 28 5 g L —1
WEWLIT G, B B2 IR S R e
1.2 GSPN {&&

ToLk AL AR W4 T 5.7 AR A 12 Y (R 7 o 1 JR , R R A
GSPN W/ 1 s A, Py AP A, FEE R 1, A%
— AL AL AR
1.3 GSPNiRBIEGULE 5547

ETEEEMH TR UM GSPN BEUHT & BRI L1
FR4R, S BUL KA i o 82 8, 49 8 — R 4L B GSPN 4
BT SHEMER BT R RATEBE X, Py AT
R, FEIE 2 Bronfa ) GSPN (AL,

EeWE : BR ARKP S R E (10661007 ) s 2T K H Il TEEHINHE.
EEE A HIRME(1963 - ) 5B, Wl =M B, [, EEP 5 AR R R R R G5, 2205 (1985 - ) 38 TLOR RN, B

BHees , ZEBIFE I BRAG RAr M4 R AT AL 5

BT (1984 ) 4o, RN, BB oA, BRI 0 B A M4,



VIWAEE R BB WS BA 6 XALEAR S 24T F %

1723

R1 E1fPlaceIEX

B VR .
sE X PR X
Py R Py Bl AR
Py BREEIR Py SERREICEER
P, SRREEERES Py HREMA—E
Py ERZAMITRFES) || Po  REITIIABRT R
P, ER i %iteoysh il Py BN
Ps SR EFEY P BdRHE S
Py mERNEY Pis MR RIZEARS Sink
P RESENEE Pis  PRIRIRTES

Py ERBERABRRE

&2 [E1 h Transition ENX

TE TE
PR X ap X
Ty,  BERE T BB NREFRRE
I, SHHE T, fEE REEE
I, [JH#EERER Ty Bl S8R
T, EBRABER Ty,  BiEma
T, BWHEHEES Ty BARIEHIE] Sink
Ts  HFEREERE Ty HRET

Bl “FIs” Pl GSPN iy

B2 Wi BEMLH GSPN

it 4T T Ak B GSPN BEES, al L8 3 5 I /R AT ok 4

(Markov Chain, MC) , W& 3 FFR.

. JEBR
ikt PP, P, P P
M, 1 0 0 0 0
M, 0 1 0 0 0
M, 0 0 1 0 0
M, 0 0 0 1 0
M 0 0 0 0 1

B3 xfnilE 2 By MC

Xt TR fRIERT GSPN A2, A HIREN LS B 55 R A T /< AT

RIS ST HAR TR TRABAR T R G RO HERE

GSPN ﬂﬁ%s = %MI! M,, My, M,, Ms} ,,ﬁ\ﬁfai%%\
N 3 R A AIIRER S 20 P AAHSZH T4R S, FIS, , P
S5, ﬁ&ﬁ%%%sﬁ(i =1,2,---,1) *ﬂszroﬁq:'& = {M1} s
S, = %sz M, M,, M5}OS2 BT8RN Sy = %M4} Sy =
{Ms} ySZT = sz, Ms} 5;H\:I:Fl Szr%iﬁﬁi%é%?&odi %Bﬁly#
MEZR [ &, RN Sy PRIRES] S, RS BB R, R, =
S(1),d, = 8(2),d; = S(3),d, = S(4) XE,| S| =n =
501081 =k=1,1=2,

HLTTS 4 x 2 YRR K’ F1 2 x 4 YAERE K" 43500 -

M, 1 0

K = MS 0 1 (1)
M,| S(2)  S(1)S(4)
M, \S(3) S(4)

, (1 000

K= (o 10 o) (2)

T8 R E] AR AT, 3 5L = ek [ R A A SE il R 3
N R, R, Ry, TLABEIFER: A", B",C" F1 D" 53510

A" = (- Ry) (3)
B =(0 0 R 0) (4)
M, R,
M
CII - 5 0 (5)
M| 0
M\ 0
M,-R, 0 0 0
M
M| 0 00 R (6)
M| 0 00 0
M\ 0 00 0
AH BHK! .
HA = ( )ﬂ@f:
KIICH KIIDHKI
-R, S(2)R, S(1)S(4)R,
A" = | R, -R, 0 (7)
0 S(3)R, S(4)R,
LY = (P(M), P(M,), P(My)) ,F:
{YA' =0
P(M1) +P(M4) +P(M5) =0

R RREH  BURT 8RS 7 ) GSPN ARG W e R &

P (M) = R,R;
) = R,R, + RR, — R,R,S(1)
RR;
P(M) = RRTRE, - RES(T)
RR,(1 - 8(2))/5(3
Py = Rkl =5(2)/5(3)

= RR +RR -RRS(1)

BRI 251, BT LGB K GSPN [F] 44 T A R AT R
4% (Embedded Markov Chain, EMC) , \ 2 FH R IR A, {UFE
E4EH) EMC b8 SR RS 2 A i P B #E AT SRR

2 GSPN EA {5 K

1847 GSPN {lf B fF SPNP K& 1 o TR 7n (19 GSPN %
BUTERRIF AP @M, LL Py AWIEET A UE TR BT 8
T RERR S s FAT R, Ed AR TR T,
BRI LB KR, BEIE 4 T HEER



1724 A A

# 30 %

0.12p
011f - .','.:-;'.’ _‘___.:.:.:.:.'_'._'._'.'_.'_.'_'._'._'.'_.'_.'_'._'..

M~ mem T T - - - graph for avg
Howp graph for 2.0.1
ool e — R graph for t4_0.1

—— graph for t6_0.1
co8r ] graph for t8_0.1
0.07 L L t ! y '

40 50 60 70 80 90 100

tls
B4 GSPN LBV ZHFHEREXT L

K 4 i BIE BIET R BB TR R OB A 20 2%
RS DA R B R A AR B BRI TR 00 s QFF BRI RSN R
TR AR 1B O s 7 B 16 7 B A BB R BT UM IR
ARG D0 s @R K T TOH R U IRAR R B 00 s OB
R REIIA B R EBR R A E O X B> GSPN BRI,
P EG R, KRR S A PERE . T L
4 P LR, AT LSBT o B PE RE R B AR - (D <
@<Q<Q<®, HIHP LI RHTTIRE RRIERET 0K
Hknt, REERER RN, BRSNS RSR g
W lH R, BB R TG 7E C 2T MU R Pt T BV T 2 AR
W, BICRT LA AR AL, AR B SCHRE

TR AFRR S BB RO R R R A, S
AT RS R, SR B S R R, MR E A
AR L2 I R R GE RO R B IR TR
AT REER B MR R B, A — S Eod R
FTARNET AT ER R LER . N TRAERR SRS
MR KA S FERE 5 A MARREZ LA —4F, BT, BEXG
TR 2 B S AR RSP 2 Y B B AT U - 3 TR i R A%
TR W 4% BT B AR D PR 2 BOR ORI SE P L FH o 1 B S RERERY

FH
02r
O S Lo
:ﬁ: 0.1
= [
-#- LEACHPMY
0k

0 10 20 30 40 50
t/s

BIS  “WiM” P LEACH B L5
R —AXIRA 100 51, 35020 10 MR, e R
A LAMELT RO 9 MR R T S B LT 5 LEACH B
W AT e, BB NS R G R R E R AT LR

60 70 80 90 100

H 7 O R I O AR R 1 U P R A BT G
Bk BRSO 4 AR . LEACH Bl 7 T %, (B R Bt 4y
FBEFEALA FTREAR, 7E M () _E A TS, B BB T
T A% as M 4 I FEPERE o

3 4%

TR TR AL AR W 4532 ) Petri XFITE AL B T B
AT, TUA B AT R EENESE S TEHR
LEACH il g7 s 7 BT B A O PR BB , 78 SE S AT O TR f%
JERAS P 2 BERE I 0 GO R A R, P S HOR B 1T
B S, AR SR s o B — B RO RS R, O TR B
BOERTTLUE S EEMARN T m AR, 1ok, 5%
R [RIARRE B £ RS 1Y i, 2R BE A 1 £ ELA B RN BE AL PR
Tk A SRS BTRET
SE Wk
[1]1 Xk TRAEREMEHILERMBIM]. b5t ErmEmR

Rk, 2007.

[2] XU Y, HEIDEMANN J, ESTRIN D. Geography informed energy
conservation for Ad Hoc routing[ C]// Proceedings of the 7th Annu-
al International Conference on Mobile Computing and Networking.
New York: ACM, 2001:70 - 84.

[3] HEINZELMAN W R, CHANDRAKASAN A, BALAKRISHNAN H.
An application specific protocol architecture for wireless microsensor
networks [ J]. TEEE Transactions on Wireless Communications,
2002, 1(4): 660 —670.

[4] DEB B, BHAVNAGAR S, NATH B. A topology discovery algorithm
for sensor networks with applications to network management[ EB/
OL]. [2009 — 09 - 10]. hitp: // www. research. rutgers. edu/ ~
bdeb/ieeeCAS. pdf.

[51 #IWeRE, 2Rk, BRE “WA"RERERBME SRR E
[J]. HEEHL AR 5 R, 2009, 45(3):116 - 118,

[61 #kME. THENREMITANREMLAETFMIMI. Jbat: HHEX
ik, 2001.

[71] LIY, WOODSIDE C M. Complete decomposition of stochastic Petri
nets representing generalized service networks[ J]. IEEE Transac-
tions on Computers, 1995, 44(4): 577 -592

[8] AMMAR H H, LIU R W. Analysis of the generalized stochastic Petri
nets by state aggregation| C]// International Workshop on Timed Petri
Nets. Washington, DC: IEEE Computer Society, 1985: 88 —95.

[91 3. FTLRGHAT R4 LEACH Pyl 44 Petri FIRIRY Bt BB 2 7
[J1. HEHLR A, 2009,29(4): 1059 —1063.

[10] KOROMA ], LI WEI, KAZAKOS D. A generalized model for net-
work survivability[ C]// Proceedings of the 2003 Conference on Di-
versity in Computing. New York: ACM, 2003: 47 -51.

[11] CHIASSERINI C F, GARETTO M. Modeling the performance of
wireless sensor networks[ EB/OL]. [2009 —09 —20]. http: //www.
ieee-infocom. org/2004/Papers/06_1. PDF.

(B35 1721 )

[10] YE F, ZHONG G, LU S, et al. Energy efficient robust sensing
coverage in large sensor networks[ R]. University of California,
Los Angeles, 2002.

[11] YE F, ZHONG G, CHENG ], et al. PEAS: A rtobust energy
conserving protocol for long-lived sensor networks [ C]// 23th
IEEE International Conference on Distributed Computing Systems.
New York: IEEE, 2003.28 -37.

[12] =%, £ER, H0E, % TR A BT RN TR M % E
RS E S LT ] B AR 51T, 2007,24(10) 8.

[13] TIAN D, GEORGANAS N D. Location and calculation-free node-
scheduling schemes in large wireless sensor networks[ J]. Ad Hoc
Networks, 2004, 2(1) : 65 —85.

[14] AMMARI H M, DAS S K. Critical density for coverage and
connectivity in three-dimensional wireless sensor networks using
continuum percolation [ J]. IEEE Transactions on Parallel and
Distributed Systems, 2009, 20(6) ;872 —885.

[15] ZFE, ik, M. BRRA M LR B R MAE R %
[ D]. P42 . VY% B F R R, 2009.



